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(57) ABSTRACT 

An electrical pulse fed into an electrical cable, e.g. a power 
transmission or distribution cable buried underground, pro 
duces an acoustic signal, e.g. an arc-over or discharge noise, 
at a fault in the cable. This acoustic signal is detected and used 
to locate the fault. But the acoustic signal has interference 
noise superimposed on it, which makes it difficult to identify 
the acoustic signal in the noise-burdened received signal, and 
thus also makes it difficult or impossible to accurately locate 
the fault. To minimize or avoid the influence of interference 
noises, the relevantacoustic signalis identified in the received 
signal by comparing the received signal with predetermined 
sample data, such as signal patterns, characteristics or char 
acteristic sets. 

18 Claims, 3 Drawing Sheets 
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METHOD AND APPARATUS FOR LOCATING 
CABLE EAULTS 

PRIORITY CLAIM 

This application is based on and claims the priority under 
35 USC 119 of German Patent Application 10 2010 026 
815.1, filed on Jul. 10, 2010, the entire disclosure of which is 
incorporated herein by reference. 

FIELD OF THE INVENTION 

The invention relates to a method and an apparatus for 
locating faults in cables, which are buried in the ground and 
especially serve for transmitting and distributing electrical 
energy. A cable fault is located by detecting and evaluating an 
acoustic signal that is produced at the fault and that is espe 
cially an arc-over noise or discharge noise triggered by an 
electrical pulse in the cable. 

BACKGROUND INFORMATION 

There are basically three types of cable faults, which 
should be distinguished from one another. A first type is a 
ground fault in which one or more conductors of the cable are 
connected with ground potential through a faulty conductive 
connection. A second type is a short circuit in which two or 
more conductors of the cable are connected with one another 
in a high-resistance or low-resistance manner. A third type is 
an interruption or break in which one or more conductors 
within the cable are interrupted. There are also fault modes 
that involve combinations of these fault types. 

Locating of Such faults can involve pre-locating and post 
locating, or gross locating and exact locating, which should 
also be distinguished from one another. Pre-locating involves 
determining a more or less exact distance of the fault location 
from a cable beginning and, if applicable, an identification of 
the faulty cable. Post-locating involves a point-exact local 
ization of the fault location. 

Depending on the type of the cable fault, various different 
methods are known for the pre-locating and post-locating. An 
essential underlying principle of Such methods is the use of 
reflection measurements in which an electrical pulse is fed 
into the cable or conductor line, propagates along the line and 
is then reflected at the fault location. The reflected pulse is 
received back at the cable end at which the pulse was fed into 
the line. Thereby the distance from the cable end at which the 
pulse was fed into the line to the fault location can be calcu 
lated based on the time duration between the infeeding of the 
pulse and the receiving of the reflected pulse, and therewith its 
transit time. Moreover, with higher energy pulses, an electri 
cal arc-over or a sparking arc can be produced at the fault 
location, and this leads to an acoustic discharge noise, which 
can be detected or recorded by an acoustic sensor on the 
ground surface above the buried cable. By evaluating the 
varying intensity of the detected acoustic signal at different 
locations on the ground Surface, e.g. as the acoustic sensor is 
moved along the ground Surface, thereby the fault location 
can be localized. Furthermore, it is also possible to evaluate, 
at a measuring location, the running time or transit time of the 
acoustic signal and especially the time duration between the 
detection of the electromagnetic field produced by the elec 
trical pulse and the detection of the acoustic signal triggered 
by this pulse. 

In that regard it has been shown, however, that the actually 
received acoustic signal (hereinafter called the “received sig 
nal”) not only contains the acoustic signal produced at the 
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2 
fault location of the cable, but rather also can contain consid 
erable acoustic interference noises caused by e.g. environ 
mental influences (wind, rain) or the street traffic or persons 
and the like. These interference noises interfere with identi 
fying, or make it significantly more difficult to identify, the 
acoustic signal produced at the fault location of the cable, and 
thereby can impair the accuracy and efficiency of the fault 
locating. 

SUMMARY OF THE INVENTION 

In view of the above, it is an object of the invention to 
provide a method and an apparatus for locating cable faults by 
detecting and evaluating an acoustic signal produced at a fault 
location of the cable, which are substantially less sensitive 
with respect to the abovementioned or other interference 
noises. Thereby, it is a further object of the invention to 
achieve a more exact and more reliable locating of a fault in an 
electrical cable. The invention further aims to avoid or over 
come the disadvantages of the prior art, and to achieve addi 
tional advantages, as apparent from the present specification. 
The attainment of these objects is, however, not a required 
limitation of the claimed invention. 
The above objects have been achieved according to an 

embodiment of the invention, in a method of locating a fault 
at a fault location in an electrical cable that is for electrical 
power transmission or distribution, wherein at least the fault 
location of the cable is covered by a cover medium, Such as 
being buried underground and covered with soil or the like. 
The embodiment of the method comprises the following 
steps: 
a) emitting an original acoustic signal from the fault, and 

allowing the original acoustic signal to propagate through 
the cover medium from the fault location to a detection 
location; 

b) using an acoustic sensor at the detection location, detecting 
a received signal that includes the original acoustic signal 
(but may additionally include interference); 

c) comparing the received signal or a pre-processed version 
thereof with sample data stored in a memory, wherein the 
sample data comprises at least one sample data item 
selected from the group consisting of signal patterns, signal 
characteristics, signal characteristic sets, signal ampli 
tudes, signal frequencies, signal feature sequences, signal 
heuristic models, signal sections, and complete signals of 
previously determined acoustic sample signals representa 
tive of acoustic signals emitted from Sample faults in one or 
more sample cables; 

d) based on the comparing, determining that a portion of the 
received signal has a correspondence or at least a predeter 
mined similarity to at least one sample data item of the 
sample data, and thereby identifying the portion as the 
original acoustic signal included in the received signal; and 

e) using at least information obtained from the portion of the 
received signal to enable the locating of the fault. 
For example, the last step can involve determining the time 

delay until receiving the acoustic signal after receiving an 
electromagnetic signal from an electrical pulse that triggered 
the acoustic signal, or calculating a distance from the sensor 
to the fault location based on the time delay and a propagation 
speed of sound in the cover medium, or evaluating the ampli 
tude or intensity of the acoustic signal, or other uses of the 
available information to enable locating the fault. 
The above objects have further been achieved according to 

an embodiment of the invention in an apparatus for carrying 
out a method such as the inventive methods disclosed herein. 
The embodiment of the apparatus comprises an acoustic sen 
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Sor, a memory and a comparison unit. The acoustic sensor is 
adapted to be arranged at the detection location and to detect 
the acoustic received signal that includes the original acoustic 
signal emitted from the fault and propagated through the 
cover medium to the detection location. The memory stores 
sample data which comprises at least one sample data item 
selected from the group consisting of signal patterns, signal 
characteristics, signal characteristic sets, signal amplitudes, 
signal frequencies, signal feature sequences, signal heuristic 
models, signal sections, and complete signals of previously 
determined acoustic sample signals representative of acoustic 
signals emitted from sample faults in one or more sample 
cables. The comparison unit is connected to the acoustic 
sensor and to the memory, is adapted to compare the received 
signal or a pre-processed version thereof with the sample 
data, and is adapted to determine that a portion of the received 
signal has a correspondence or at least a predetermined simi 
larity to at least one sample data item of the sample data and 
thereby to identify the portion as the original acoustic signal 
included in the received signal. 
An advantage of the inventive solution is that the subjective 

influences of the respective user on the detection of the acous 
tic signal triggered at the fault location can also be signifi 
cantly reduced. Thereby the accuracy of the localization of 
the fault location can be significantly improved. This applies 
especially in connection with relatively strong external 
acoustic interference signals and/or a still relatively large 
spacing distance of the acoustic sensor from the fault loca 
tion. 

The inventive solution is especially suitable for the post 
locating of a fault location. However, dependent on the length 
or the size of the applicable cable network or other circum 
stances, a pre-locating of the fault location can also be omit 
ted or avoided if applicable, or the inventive solution can also 
be used for the pre-locating. 

Particular embodiments of the invention preferably further 
provide additional detailed features, for example as follows. 
The acoustic signal may be caused or triggered by feeding or 
injecting an electrical pulse into the cable, whereby this elec 
trical pulse then causes a Voltage arc-over, a breakdown or 
breakthrough, and/or an electric arc at the fault location, 
which in turn triggers the acoustic signal. The fault can be 
located by determining a time delay between the detection of 
the electrical pulse fed into the cable and the detection of the 
acoustic signal produced at the fault location. More particu 
larly, a distance between the location of receiving the signal 
and the fault location of the cable can be determined from the 
abovementioned time delay and the known propagation speed 
of the acoustic signal in the medium between the fault loca 
tion and the signal receiving location (e.g. the medium may be 
the ground soil in which the cable may be buried). This makes 
it possible not only to locate the cable fault in connection with 
an intensity of the acoustic signal produced at the fault loca 
tion, but rather also to measure a spacing distance between an 
apparatus according to the invention and the fault location. To 
achieve this, a sensor and evaluation unit of an embodiment of 
an apparatus according to the invention includes an electro 
magnetic sensor for detecting the electrical pulse as well as 
the acoustic sensor for detecting the acoustic received signal. 
An embodiment of the sensor and evaluation unit further 
preferably includes an analog-digital converter for digitizing 
both signals, a signal processor for determining the time delay 
between the two signals and for comparing the received sig 
nal with Stored signal patterns or characteristics or character 
istic sets of samples of acoustic signals produced at cable fault 
locations in order to thereby identify the original acoustic 
signal in the received signal if a correspondence or predeter 
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4 
mined degree of similarity between the received signal and 
the stored data is recognized, and a display or output device 
for displaying or outputting the determined time delay. There 
fore, the sensor and evaluation unit preferably includes a 
Suitable memory storing the previously determined samples 
of signal patterns or characteristics or characteristic sets, and 
a Suitable memory or input storing or receiving data regarding 
the propagation speed of the acoustic signal in the pertinent 
medium. 

Further embodiments according to the invention prefer 
ably perform a pre-processing of the received signal, to 
resolve or separate it into a time sequence of signal charac 
teristics, before the received signal or these signal character 
istics are compared with the stored sample signal patterns or 
characteristics or characteristic sets. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the invention may be clearly understood, it 
will now be described in connection with example embodi 
ments thereof, with reference to the accompanying drawings, 
wherein: 

FIG. 1 schematically illustrates the principle of a basic 
arrangement of various components of an apparatus for 
acoustically locating a cable fault; 

FIG. 2 is a diagram of signal intensity I versus time t, 
showing a time progression of a received acoustic signal in 
relation to a received electromagnetic signal; 

FIG.3 is a basic block circuit diagram of an embodiment of 
an evaluation unit of an apparatus according to the invention; 

FIG. 4 is an illustration for explaining an acoustic pattern 
comparison according to the invention; and 

FIG. 5 is a block circuit diagram of an embodiment of a 
sensor and evaluation unit according to the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EXAMPLE EMBODIMENTS AND OF THE BEST 

MODE OF THE INVENTION 

For producing an acoustic signal at a fault location of a 
cable, an electrical signal, preferably in the form of a pulse, is 
fed into the cable, whereby the physical parameters (voltage, 
current, frequency, duration) of the electrical pulse are so 
dimensioned dependent on the type and the length of the cable 
as well as the type of the fault, such that at the fault location 
it produces an electrical arc-over, a break-down or break 
through and/or a sparking arc, which triggers a discharge 
noise in the form of an acoustic signal with an intensity that is 
sufficient for the subsequently described detection. 
The inventive localizing of a fault location is based on the 

time duration or delay between the detection of the electro 
magnetic signal produced by the electrical pulse and the 
detection of the thereby triggered acoustic signal at a location 
in the surroundings of the fault location. A preferably mobile 
sensor and evaluation unit, having both an acoustic sensor as 
well as an electromagnetic or magnetic field sensor, serves for 
the detection of the two signals and for the determination of 
the abovementioned time duration. The spacing distance to 
the fault location is thereby correspondingly smaller, the 
shorter this time duration is. Directly at the fault location or on 
the ground above the fault location, the time duration com 
prises a distinct minimum, which is essentially determined by 
the depth at which the cable is laid in the ground. 

Insofar as not only the time duration and its minimum but 
also the actual distance of the sensor and evaluation unit to the 
fault location shall be determined and evaluated, the propa 
gation Velocity of the acoustic signal (i.e. Sound) in the 
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medium between the fault location and the acoustic sensor 
(e.g. the ground Soil) is to be utilized for the calculation 
thereof. It should be understood, however, that the present 
invention is not only applicable for use in locating a fault in a 
cable that is buried underground in the soil. Instead, the 
invention is applicable for locating a cable fault that is cov 
ered by any type of medium through which the acoustic signal 
can propagate. In a preferred embodiment, it is simply nec 
essary to know the propagation speed of Sound in the appli 
cable medium. 
The localization of the faulty cable is possible through 

display or indication of the magnetic field intensity on the 
sensor and evaluation unit, because this magnetic field inten 
sity is greatest at the location on the ground Surface directly 
vertically above the cable (assuming a cable buried in the 
ground). Thereby, the user of the apparatus recognizes this 
location by noting the highest displayed magnetic field inten 
sity. The applicable magnetic field is similarly produced by 
the electrical pulse that is fed into the faulty cable. 

For generating the electrical pulse, for example, a Surge or 
impulse generator can be used, which essentially comprises a 
high Voltage source and a high power capacitor block, which 
is charged up to a required pulse Voltage by means of the high 
Voltage source. When the required pulse Voltage (up to several 
100 kV depending on the type of the cable and depending on 
the type of the fault) is reached, the energy stored in the 
capacitor block is fed through a Switching system into the 
cable to be tested, in the form of an electrical pulse (energetic 
traveling wave). The pulse propagating along the cable then 
produces an electrical break-down or break-through, a Volt 
age arc-over and/or a sparking arc at the fault location, and 
therewith triggers the acoustic signal, which propagates in the 
ground in which the cable is buried, and can be detected at the 
ground Surface by means of the abovementioned sensor and 
evaluation unit, just like the electromagnetic signal produced 
by the electrical pulse. 
A corresponding arrangement or apparatus for locating a 

cable fault is schematically illustrated in FIG.1. A cable 1 laid 
or buried underground in soil 5 or the like comprises a fault at 
a fault location 2 to be determined. Alternatively, the cable 1 
need not be buried in soil, but can be covered by any other 
cover medium making the fault location inaccessible. The 
cover medium may include any one or more of soil, rock, 
concrete, asphalt, building materials, water, etc. 
The cable 1 is connected at a feed-in location E with a surge 

or impulse generator 3, with which an electromagnetic signal 
eS, preferably in the form of an electromagnetic pulse, is fed 
into the cable 1. Along or in the Surroundings of the cable, on 
the ground Surface 6, there is located a sensor and evaluation 
unit 4, which includes an electromagnetic (magnetic field) 
sensor and an acoustic sensor, which respectively serve to 
detect the electrical pulse eS and the acoustic signal aS trig 
gered by the electrical pulse at the fault location 2. The sensor 
and evaluation unit 4 further includes circuit components that 
serve to calculate the time duration between the reception of 
the two signals eS and aS as will be discussed further below. 
A typical time progression of these two signals eS and aS is 

schematically illustrated in the diagram of FIG. 2, whereby 
the time t is recorded on the horizontal axis and the signal 
amplitude or intensity I is recorded on the vertical axis. The 
electromagnetic pulse eShas, in comparison to the acoustic 
signal aS, a very short time duration and a relatively high 
amplitude, while the acoustic signal aS typically comprises 
one or two maximum value oscillations and then decays 
relatively quickly. 
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6 
The measurement of the time duration begins upon the 

detection of the electromagnetic pulse eS and ends preferably 
with the detection of a defined value or a defined amplitude of 
the acoustic signal aS. 
AS has already been explained in detail initially, acoustic 

interference noises, which especially arise directly after the 
electromagnetic pulse, are Superimposed on the original 
acoustic signal triggered by the electromagnetic pulse at the 
cable fault location, and thereby adulterate the original acous 
tic signal and form a composite acoustic signal that is actually 
received by the acoustic sensor of the sensor and evaluation 
unit 4. The composite acoustic signal as received by the 
acoustic sensor, i.e. the “received signal', thus includes both 
the original relevant acoustic signal as well as any acoustic 
interference noises. This can impair or make impossible the 
detection, in the composite received signal, of the original 
acoustic signal produced at the fault location. This is espe 
cially the case when the sensor and evaluation unit 4 is still 
located at a relatively great distance from the fault location 
and/or the acoustic interference noises are very intensive, 
because in these cases errors can arise especially in connec 
tion with the signal measurement by means of amplitude 
referenced trigger thresholds. 

Therefore, according to an embodiment of the invention, 
the composite acoustic signal (which represents a mixture of 
the original acoustic signal produced at the fault location and 
the interference noises, and which is designated as the 
“received signal herein as mentioned above), is recorded 
with the sensor and evaluation unit 4, and is then examined 
with regard to the occurrence of certain signal patterns or 
characteristics or characteristic sets, which are typical for an 
acoustic signal produced at a fault location of a cable, in order 
to in this manner identify or isolate, in the recorded received 
signal, the original acoustic signal produced at the fault loca 
tion. Once the original acoustic signal has been accurately 
identified within the composite interference-burdened 
received signal, then this original acoustic signal is used for 
marking the end of the time duration or time delay between 
reception of the electromagnetic signal and reception of the 
acoustic signal. That information allows the fault to be 
located, e.g. by calculating a distance based on this time 
delay. 
The sample signal patterns, characteristics or characteristic 

sets can especially contain or represent samples of certain 
acoustic signal amplitudes or signal frequencies or other sig 
nal parameters, or can also arise in certain combinations and 
in a certain time sequence. These signal patterns, character 
istics or characteristic sets that are typical for the acoustic 
signal produced at a cable fault location are influenced or 
determined e.g. by the physical parameters of the electromag 
netic signal that triggers the acoustic signal at the fault loca 
tion, as well as the type of the cable and the type of the fault. 
Samples of such signal patterns, characteristics or character 
istic sets can be previously determined by experimentally 
testing samples of the relevant cable or similar cables with 
different examples of faults therein, or can be determined by 
simulation or from previous empirical data. The predeter 
mined sample data are then stored for later use in one or more 
memories of the sensor and evaluation unit 4. 
The principle of the recognition or identification of the 

signal patterns as well as the essential components of a cor 
responding apparatus or circuit arrangement (which is pref 
erably part of the sensor and evaluation unit 4) are schemati 
cally illustrated in FIG. 3. 
The received signal aS' that is recorded or detected with the 

acoustic sensor of the sensor and evaluation unit 4 is present 
at a sensor input SI. This received signal aS' includes the 
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original acoustic signal aS emitted by the discharge noise at 
the fault 2 of the cable 1, as well as acoustic interference noise 
as explained above. The signal aS' is thus a mixed or com 
posite input signal, which is Supplied to an analyzer 10, with 
which it is separated or transformed into a time sequence of 
individual signal patterns, characteristics or characteristic 
sets of the abovementioned type, which are characteristic of 
the original acoustic signal aS produced at the fault location 2. 
but also include characteristics of the Superimposed acoustic 
interference signals. These actual signal patterns, character 
istics or characteristic sets are then Supplied to a comparison 
unit 11, which is connected with a memory 12. 

Sample signal patterns, characteristics or characteristic 
sets, which, according to the above explanation, have previ 
ously been determined as being typical or representative of 
example acoustic signals produced at example faults in 
example cables, are stored in the memory 12. Alternatively or 
additionally thereto, it is also possible to store the typical 
sample signal patterns in the form of models, functions or 
equations, for example preferably heuristic models, which 
are determined e.g. in a learning process with Suitable test 
signals. Such models or signal patterns are previously deter 
mined in tests using test sample cables with typical sample 
faults. Such models or other signal patterns can also still be 
fine-tuned or learned during the use of the sensor and evalu 
ation unit. Namely, as the sensor and evaluation unit, or the 
sensors thereof, are moved to Successive locations and the 
signal acquisition and evaluation is repeated so as to more 
finely locate or localize the fault location on a cable, the 
Successive received signals can be analyzed for consistently 
occurring signal portions, which are taken to likely represent 
the original acoustic signal, while signal portions that differ 
among Successive measurements are taken to represent inter 
ference noises. For this purpose, methods can be used as they 
are known e.g. in the field of automatic speech recognition. 

In the comparison unit 11, the actual signal patterns, char 
acteristics or characteristic sets of the received signal aS' are 
examined with regard to the occurrence of or correspondence 
with, the previously determined sample signal patterns, char 
acteristics or characteristic sets that are read out of the 
memory 12. This occurs preferably in the course of the deter 
mination of a similarity or a measure of correspondence 
between the sample signal pattern or patterns etc. that are read 
out of the memory 12, and the actual signal patterns etc. of 
sections of the received signal, with the goal being to deter 
mine what portion of the received signal has the greatest 
similarity with one of the sample signal patterns etc. that are 
read out of the memory 12. Such portion of the received signal 
is thereby determined to be or represent the original acoustic 
signal aS included in the received signal aS'. 

This principle is schematically represented in FIG. 4 along 
the time axis t. The input signal aS' that is supplied to the 
comparison unit 11 and analyzed according to above expla 
nation is illustrated in the form of an input signal pattern 
GSM, which contains a sequence of characteristics or a char 
acteristic set of the actual received signal. This pattern GSM 
is compared with at least one of the sample signal patterns 
(reference pattern RM) that is read out of the memory 12. As 
Soon as a correspondence or at least a certain predetermined 
measure of similarity between the reference pattern RM and 
a portion or section in the input signal pattern GSM is found 
(this is indicated by the arrows P in FIG. 4), the beginning 
aSA of the acoustic signal aS triggered at the fault location is 
identified in the input signal. Thereby the original acoustic 
signal aS is identified and can be isolated from the remainder 
(e.g. the interference) of the received signal aS'. 
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8 
In this comparison, both the correspondences of the signal 

characteristics in the reference pattern RM and in the actual 
input signal pattern GSM as well as possible non-linear time 
differences between the two can be taken into consideration. 
As an alternative to the use of the analyzer 10 shown in 

FIG. 3, the analyzer 10 can be omitted if applicable, and the 
actual received input signal aS' in its entirety and in its origi 
nal raw form, in a non-analyzed manner, can be Supplied to 
the comparison unit 11. This alternative embodiment is indi 
cated with dashed lines in FIG. 3. In this case, corresponding 
complete sample acoustic signals as they are produced at one 
or more sample fault locations of one or more sample cables 
according to the above explanation are stored as reference 
signals in the memory 12, and then a comparison between 
these two complete signals takes place in the comparison unit 
11. 
The two above alternatives can be carried out with analog 

processing of analog signals, or with digital processing of 
digital signals, or a combination of analog and digital aspects. 

FIG.5 shows a block circuit diagram of a further sensor and 
evaluation unit 4 for carrying out the above explained meth 
ods. The sensor and evaluation unit 4 encompasses an acous 
tic sensor 41 for detecting the above explained acoustic input 
signal aS' as well as a magnetic field sensor 42 for the detec 
tion of the above explained electromagnetic signal emitted by 
the electrical pulse that is fed into the cable 1. Both the 
acoustic sensor 41 and the electromagnetic sensor 42 are 
arranged at a detection location on the ground Surface of the 
soil 5. Thus, the detection location is not a single point loca 
tion, but rather is large enough to accommodate both sensors 
and may also have some space between the sensors, which 
must be taken into account in the distance calculation 
described herein, or is simply neglected if the size of this 
space is negligibly Small compared to the distances pertinent 
to the particular application. The electromagnetic signal may 
be a magnetic field variation or pulse caused by the electrical 
pulse in the cable 1, or any other electromagnetic feature that 
can be detected by the electromagnetic sensor, which may 
thus be a magnetic field sensor, for example. The two sensors 
41, 42 respectively each include an amplifier and/or at least 
one filter for the analog amplification and/or pre-filtering of 
the detected sensor signals. It should thus be understood, that 
the term “received signal' not only refers to the acoustic 
signal and the electrical or optical raw signal as detected and 
electrically or optically reproduced by the respective sensor, 
but rather also refers to any further processed version of such 
a raw signal, e.g. after filtering, amplifying, digitizing, Sam 
pling, and/or analyzing the sample as disclosed herein, or 
otherwise pre-processing the raw signal. 
The sensor and evaluation unit 4 furthermore comprises an 

analog/digital converter 43, a digital signal processor 44, the 
memory 12, a display or output device 45 as well as a power 
Supply 46 (which powers the various components through 
conductors that are not shown in the drawing for the sake of 
clarity and simplicity). The amplified and pre-filtered analog 
sensor signals are Supplied from the sensors 41 and 42 respec 
tively via a first channel and a second channel to the analog/ 
digital converter 43 and therewith are converted into corre 
sponding respective digital sensor signals. The digital sensor 
signals are then Supplied to the signal processor 44, with 
which essentially the functions of the analyzer 10 and of the 
comparison unit 11, as explained in connection with FIG. 2, 
are realized. For this purpose, the signal processor 44 is 
connected with the memory 12 that has similarly been 
explained in connection with FIG. 2. In other words, the 
signal processor 44 is one possible example of a digital 
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embodiment of the analyzer 10 and the comparison unit 11 as 
implemented in hardware and Software. 
The acoustic signal aS shown in FIG. 2, which was trig 

gered at the fault location 2 of the cable 1 by means of the 
electrical pulse fed into the cable, has been identified and 
isolated in the interference-burdened received signal aS 
according to the description in connection with FIG.3 above. 
Then, the portion of the received signal aS' identified as the 
original acoustic signal aS is further evaluated by means of 
the signal processor 44 to determine a time delay from the 
time of reception of the acoustic signal to the time of recep 
tion of the electromagnetic signal as detected with the mag 
netic field sensor 42. For this, the signal processor 44 further 
includes a timer 13 adapted to measure this time delay, which 
is then displayed or output by the display or output device 45. 
Furthermore, according to another alternative, the memory 12 
additionally stores at least one value of a propagation speed at 
which sound propagates through the soil 5 or other cover 
medium that covers the cable 1. Alternatively, such a propa 
gation speed value may be input through a Suitable input 
device. Using the propagation speed and the time delay, the 
signal processor 44 calculates a distance value of the distance 
from the fault location 2 to the detection location at which the 
sensors 41 and 42 are arranged. The distance value is then 
displayed or output by the display or output device 45. 

Moreover, the sensor and evaluation unit 4 can further be 
embodied so that also the strength of the detected electromag 
netic field can be measured with the magnetic field sensor 42 
and then displayed or output, in order to therewith identify the 
cable comprising the fault location or the applicable cable 
trace or run. By moving the unit 4 or at least the sensor 42, the 
user of the apparatus can see the location of the peak magnetic 
field strength, which is the location on the ground Surface 
directly above the cable or cable trace being energized with 
the electrical pulse. Also, similarly, the user of the apparatus 
can determine the location with the minimum abovemen 
tioned time delay, which identifies the location directly above 
the fault in the cable. 

The inventive recognition or identification of the original 
acoustic signal aS (i.e. the acoustic signal triggered at a fault 
location of the cable by the electrical pulse fed into the cable) 
in the interference-burdened received signal aS' allows the 
delay time of the acoustic signal relative to the electromag 
netic signal to be accurately determined as discussed above. 
This allows the distance of the sensors from the fault location 
to be determined as well. However, it is also conceivable, e.g. 
that the acoustic received signal is evaluated only with regard 
to its intensity, in order to therewith localize the fault location 
or for example to obtain information about the type of the 
cable fault or about other parameters. 

Finally, the inventive principle of the recognition or iden 
tification of the acoustic signal triggered at a fault location of 
a cable has been described above in connection with an over 
all method in which the acoustic signal is triggered by an 
electrical pulse fed into the cable, which causes a Voltage 
arc-over, break-down or break-through and/or a sparking arc 
at the fault. Nonetheless, the acoustic noise does not have to 
be triggered or produced in this manner, but rather can alter 
natively be triggered or produced in any other known or future 
developed manner. 
The term “connected herein, when defining two compo 

nents being “connected to one another, includes the direct 
connection of the two components without any intervening 
component, and also includes the indirect connection of the 
two components with one or more other components con 
nected therebetween. 
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10 
Although the invention has been described with reference 

to specific example embodiments, it will be appreciated that 
it is intended to coverall modifications and equivalents within 
the scope of the appended claims. It should also be under 
stood that the present disclosure includes all possible combi 
nations of any individual features recited in any of the 
appended claims. The abstract of the disclosure does not 
define or limit the claimed invention, but rather merely 
abstracts certain features disclosed in the application. 

What is claimed is: 
1. A method of locating a fault at a fault location in an 

electrical cable that is for electrical power transmission or 
distribution, wherein at least the fault location of the cable is 
covered by a cover medium, and wherein said method com 
prises: 

a) emitting an original acoustic signal from said fault, and 
allowing said original acoustic signal to propagate 
through said cover medium from said fault location to a 
detection location; 

b) using an acoustic sensor at said detection location, 
detecting a received signal that includes said original 
acoustic signal; 

c) comparing said received signal or a pre-processed ver 
sion thereof with sample data stored in a memory, 
wherein said sample data comprises at least one sample 
data item selected from the group consisting of signal 
patterns, signal characteristics, signal characteristic sets, 
signal amplitudes, signal frequencies, signal feature 
sequences, signal heuristic models, signal sections, and 
complete signals of previously determined acoustic 
sample signals representative of acoustic signals emitted 
from sample faults in one or more sample cables; 

d) based on said comparing, determining that a portion of 
said received signal has a correspondence or at least a 
predetermined similarity to at least one said sample data 
item of said sample data, and thereby identifying said 
portion as said original acoustic signal included in said 
received signal; and 

e) using at least information obtained from said portion of 
said received signal to enable said locating of said fault. 

2. The method according to claim 1, wherein said electrical 
cable is buried in the ground, said cover medium comprises 
soil of the ground, and said detection location is a location on 
a ground Surface of the ground. 

3. The method according to claim 1, 
wherein said received signal further includes acoustic 

interference noise Superimposed on or mixed with said 
original acoustic signal, and 

wherein said identifying of said portion of said received 
signal as said original acoustic signal comprises recog 
nizing said portion as said original acoustic signal based 
on said correspondence or said predetermined similar 
ity, and isolating said portion from a remainder of said 
received signal. 

4. The method according to claim 1, further comprising 
pre-processing said received signal by separating said 
received signal into a sequence of signal features, wherein 
said pre-processed version of said received signal comprises 
said sequence of said signal features, and wherein said com 
paring comprises comparing said signal features with said 
sample data. 

5. The method according to claim 4, wherein said pre 
processing further comprises digitizing said received signal 
or said sequence of said signal features, and wherein said 
comparing, said determining and said evaluating are each 
respectively carried out digitally. 
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6. The method according to claim 1, further comprising 
moving said acoustic sensor to another detection location, 
and repeating said emitting, said detecting, said comparing, 
said determining and said evaluating with regard to said 
acoustic sensor located at said another detection location, to 
enable more precisely locating said fault. 

7. The method according to claim 1, further comprising 
producing said sample data in a self-learning process of itera 
tively repeating said emitting, said detecting, and said com 
paring in plural repetition cycles, providing as said sample 
data at least one said sample data item of said received signal 
that remains substantially consistent among said plural rep 
etition cycles, and storing said sample data in said memory. 

8. The method according to claim 1, further comprising 
producing said sample data by conducting tests using test 
samples of electrical cables and recording sample acoustic 
signals emitted from sample faults in said test samples of 
electrical cables, providing said sample acoustic signals as 
said sample data, and storing said sample data in said 
memory. 

9. The method according to claim 1, further comprising 
feeding into said cable an electrical pulse that causes a voltage 
discharge, arc-over, breakdown, breakthrough and/or electric 
sparking arc at said fault, which causes said emitting of said 
original acoustic signal from said fault. 

10. The method according to claim 9. 
wherein said electrical pulse further causes an electromag 

netic signal to be emitted from said cable and propagated 
through said cover medium, 

wherein said using of said information obtained from said 
portion of said received signal comprises determining a 
time point at which said original acoustic signal 
included in said received signal is received by said 
acoustic sensor, and 

further comprising detecting said electromagnetic signal 
using an electromagnetic sensor at said detection loca 
tion, measuring a time delay between said detecting of 
said electromagnetic signal and said time point, and 
further using said time delay to enable said locating of 
said fault. 

11. The method according to claim 10, 
further comprising providing a propagation speed at which 

Sound propagates in said cover medium, and 
wherein said using of said time delay comprises determin 

ing, based on said time delay and said propagation 
speed, a distance between said fault location and said 
detection location. 

12. An apparatus for locating a fault at a fault location in an 
electrical cable that is for electrical power transmission or 
distribution, wherein at least the fault location of the cable is 
covered by a cover medium, and wherein said apparatus com 
prises: 

an acoustic sensor configured to be arranged at a detection 
location and to detect an acoustic received signal that 
includes an original acoustic signal emitted from the 
fault and propagated through the cover medium to the 
detection location; 

a memory storing sample data which comprises at least one 
sample data item selected from the group consisting of 
signal patterns, signal characteristics, signal character 
istic sets, signal amplitudes, signal frequencies, signal 
feature sequences, signal heuristic models, signal sec 
tions, and complete signals of previously determined 
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12 
acoustic sample signals representative of acoustic sig 
nals emitted from sample faults in one or more sample 
cables; and 

a comparison unit connected to said acoustic sensor and to 
said memory, wherein said comparison unit is config 
ured to compare the received signal or a pre-processed 
Version thereof with the sample data, and is configured 
to determine that a portion of the received signal has a 
correspondence or at least a predetermined similarity to 
at least one sample data item of the sample data and 
thereby to identify the portion as the original acoustic 
signal included in the received signal. 

13. The apparatus according to claim 12, comprising a 
sensor and evaluation unit which includes said acoustic sen 
Sor, said memory and said comparison unit as components of 
said sensor and evaluation unit. 

14. The apparatus according to claim 12, further compris 
ing an electrical pulse generator configured to feed into the 
cable an electrical pulse that causes a voltage discharge, arc 
over, breakdown, breakthrough and/or electric sparking arc at 
the fault, which causes emission of the original acoustic sig 
nal from the fault. 

15. The apparatus according to claim 12, further compris 
1ng 

an electromagnetic sensor configured to be arranged at the 
detection location and to detect an electromagnetic sig 
nal emitted from the cable due to an electrical pulse in 
the cable which causes emission of the original acoustic 
signal from the fault; and 

a timer connected to said electromagnetic sensor and said 
comparison unit, and configured to measure a time delay 
between detection of the electromagnetic signal and a 
time point at which the original acoustic signal included 
in the received signal is received by the acoustic sensor. 

16. The apparatus according to claim 15, further compris 
ing 

a digital signal processor incorporating said comparison 
unit and said timer; 

at least one analog/digital converter connected between 
said acoustic sensor and said digital signal processor and 
between said electromagnetic sensor and said digital 
signal processor, said at least one analog/digital con 
Verter being configured to respectively digitize the 
acoustic received signal and the electromagnetic signal; 
and 

a display or output device that is connected to at least one 
output of said digital signal processor, and that is con 
figured to display or output the time delay. 

17. The apparatus according to claim 16, 
wherein said memory further stores a propagation speed at 

which sound propagates in the cover medium, 
wherein said digital signal processor is further configured 

to determine, based on the time delay and the propaga 
tion speed, a distance between the fault location and the 
detection location, and 

wherein said display or output device is further configured 
to display or output the distance. 

18. The apparatus according to claim 12, further compris 
ing an analyzer that is connected between said acoustic sensor 
and said comparison unit, and that is configured to prepare the 
pre-processed version of the received signal by analyzing and 
separating the received signal into a sequence of signal fea 
tures that is provided to the comparison unit as the pre 
processed version of the received signal. 


